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to. Abstract 

An experiment was conducted in which spectral and agronomic measurements werr? 
collected from corn ( Zea mays L.) canopies under four nitrogen treatment levels (0,67, 
134, and 202 kg/ha) at the Purdue Agronomy Farm, W. Lafayette, IN, on 11 dates during 
1978 and 12 dates during 1979. Spectral measurements over the 0.4 to 2.4 pm wavelength 
region were acquired with a spectroradiometer and used to compute reflectance factor. 
Agronomic data collected included biomass, leaf area Index, plant height, crop devel- 
opment stage, and percent soil cover. Data were analyzed to determine: (1) the rfi- 

lationshlp between the spectral responses of canopies and their agronomic character- 
istics and (2) the spectral separability of the four treatments. 

Red reflectance was Increased, while the near infrared reflectance was decreased 
for canopies under nitrogen deprivation. Spectral differences between treatments were 
seen throughout each growing season. The near infrared/red reflectance ratio increas- 
ed spectral treatment differences over those shown by single band reflectance measures. 
The spectra of the four nitrogen treatments were .significantly different on August 
dates; however, early and late in the season only two spectral classes were resolved. 
Of the spectral variables examined, thr near infrared/red reflectance ratio most 
effectively separated the treatments. Differences in spectral response between treat- 
ments were attributed to varying soil cover, leaf area index, and leaf pigmentation 
values, all of which changed with N treatment. The results further confirm the 
potential of remote sensing for monitoring the growth and condition of crons. 


17. Kty Words (Suggested by Aulhor(s)) 


18. Distribution Stetement 


Remote sensing, reflectance, miilti- 
spectral, nitrogen nutrition, maize, 
growth, yield, canopies 


19. Security CIsssit. (of this report) 


20. Security CIsssif. (of this pegs) 


21. No. of Pages | 22. Price 


'For sale by the National Technical Information Service. Springfield, Virginia 22161 


NASA • JSC 


ORIGINAL PAGE s 
OF, POOR QUALITY 



















INTRODUCTION 


Satellite measurements of radiation reflected from crop canopies 
have been used to identify crop type and estimate crop areas (MacDonald 
and Hall, 1980). Spectral measurements also have potential for use in 
monitoring crop condition and predicting yields (Bauer, 1975). Accurate 
assessments of growth and condition from spectral measurements will 
require further understanding of the relationship between canopy 
development and spectral response. Aspects of this relationship have 
been described for several crop species (Learner et al., 1978; Daughtry 
et al., 1980; Tucker et al., 1979). Yet, greater knowledge of how 
canopy spectral response is affected by the many environmental and 
cultural factors which alter crop development is needed. In particular, 
relatively little research has been conducted on the effects of plant 
stresses on canopy reflectance. 

Several laboratory studies of stress effects on single leaves have 
been performed. Al-Abbas et al. (1974) found that several mineral 
deficiencies increased the reflectance of radiation in the visible wave- 
length region of corn leaves, while effects on near and middle infrared 
reflectance varied with the specific mineral deficiency. Nitrogen 
deficiency increased visible (0.4 to 0.7 l>m) and near infrared (0.7 to 
1.4 ^m) reflectance while decreasing middle infrared (1.4 to 2.5 pm) 
reflectance from sweet pepper leaves (Thomas and Oerther, 1972). The 
sensitivity of chlorophyll to metabolic disruption accounted for the 
response of leaf reflectance in the visible wavelengths to stress 
conditions (Knipling, 1970). Stress-induced leaf reflectance variations 
in the near and middle infrared wavelengths have been attributed to 
altered leaf mesophyll structure (Gausman et al., 1969) and water 
content (Carlson et al., 1971), respectively. 

While changes in leaf reflectance are important stress indicators, 
dif arenoes in leaf area index (LAI) are frequently more useful for 
spectrally separating healthy from stressed plant canopies. (Knipling, 
1970). A decre.. >e in LAI causes canopy reflectance in the near infrared 
to decrease and in tba red to increase without any change in the 
reflectance properties of individual leaves (Colwell, 1974). Stanhill 
et al. (1972) concluded that the major cause of altered spectral 
response of nitrogen deficient wheat canopies were differences in total 
biomass, while altered leaf optical properties or changed canopy 
configuration were only secondarily important. 

The objectives of this research were: (1) to determine the 
seasonal spectral responses of corn canopies under varying levels of 
applied nitrogen, (2) to relate measurements of canopy spectral response 
to canopy agronomic characteristics, and (3) to determine the spectral 
separability of corn canopies under different treatments. 
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MATERIALS AND METHODS 


Experimental Conditions . The experiment was conducted at the 
Purdue Agronomy Farm, West Lafayette, Indiana, during the 1978 and 1979 
growing seasons. The soil was a Raub silt loam (Aquic Argludoll). June 
through September rainfall was 3*1 cm in 1978 and 39 cm in 1979, both 
near the 27-year average of 39 cm. 

A randomized, complete block design was used, with three 
replications of each treatment. Each plot consisted of six rows of corn 
planted 71 cm apart in an east-west orientiation. Corn ( Zea mays L.) 
hybrid Beck 65X was planted on 31 May 1978 at a population of 54,000 
plants/ha and Pioneer 3183 hybrid was planted on 10 May 1979 at 66,000 
plants/ha. Nitrogen treatments were four levels of urea, 0, 67, 134, 
and 202 kg N/ha, applied in the spring. Identical rates have been 
applied to the same plots continously since 1965. In the fall, prior to 
planting, 49 kg/ha P and 93 kg/ha K were added to each plot. Atrazine 
was applied after planting for weed control. 

Spectral Data Collection . Spectral reflectance between 0.4 and 2.4 
^m in wavelength was measured with an Exotech 20 spectroradiometer 
(Learner et al., 1973) mounted on the boom of a mobile aerial tower. 
Spectral data were acquired on 11 dates during 1978 and 12 dates during 
1979. Measurements were made centered on the plot, looking straight 
down from an altitude of 9.1 m. With a 15-degree field of view the 
sensor viewed a 2.3-m diameter ground area from this altitude. All 
spectral measurements were made on cloudless or near cloudless days when 
the sun angle was greater than 45 degrees above the horizon and prior 
to solar noon. Each spectral data set was collected within a 1.5 hour 
time period. A 1.2-m square panel painted with barium sulfate was used 
as a reference surface for determining the reflectance factor (Robinson 
and Biehl, 1979). The response of the reference panel was measured 
approximately every 20 minutes throughout the data acquisition period. 

Canopy Characterization . Agronomic variables were measured and 
observed throughout each season on the same dates as the spectral 
measurements. These data included: development stage, leaf area index, 
percent soil cover, fresh and dry biomass, leaf chlorophyll 
concentration, leaf nitrogen content, and grain yield. 

Data Analysis . Spectral data were analyzed as band means 
corresponding to the Landsat multispectral scanner (MSS) bands and to 
the thematic mapper bands. The thematic mapper is an updated 
multispectral scanner scheduled for' launching aboard the Landsat-D 
satellite (Blanchard and Weinstein, 1979). The thematic mapper bands 
are narrower and are more optimally placed for spectral characterization 
of vegetation than the Landsat MSS bands. The Landsat MSS spectral 
bands are: 0.5-0. 6, 0.6-0. 7, 0.7-0. 8, and 0. 8-1.1 pm. The reflective 
thematic mapper bands are: 0.45-0.52, 0.52-0.60, 0.63-0.69, 0.76-0.90, 
1.55-1.75, and 2.08-2.35 pm. In addition to these single bands, the 
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data were analyzed as ratios and transformations of the band means. 
Greenness, a transformation of the Landsat MSS bards (Kauth and Thomas, 
1976), was computed using coefficients derived /or spectrometer data 
(Rice et al., 1980). Greenness = [(-0.48935) (R1 )] 4 [(-0.61249)(R2)] 4 
[(0.17289)(R33 4 [(0.59538)(R4)] , where R1 to R4 are the reflectance 
factors of the four Landsat MSS spectral bands. The ratio of near 
infrared/ red reflectance was computed using the 0.76-0.90 and 0.63-0.69 
pm bands. Correlation and regression analyses of spectral response and 
the various agronomic measurements were performed and scatter plots made 
of their relationships. Duncan's multiple range test with P = 0.05 was 
used to perform mean separation tests on both the spectral and agronomic 
data. 
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RESULTS AND DISCUSSION 

Refleotance spectra, measured on 4 August 1979» of corn canopies 
grown with varying rates of nitrogen (N) fercx'ization are shown in Fig. 
1. Similar responses were observed on other dates in July and August 
during both years. The effects of varying nutrition were exhibited 
across the entire wavelength interval measured. Refleotance decreased 
in the visible and middle infrared wavelength regions with increasing N 
fertilizer application, while in the near infrared wavelength region 
reflectance was increased. Similar changes in visible and near infrared 
reflectance have previously been attributed to differences in LAI, 
percent soil cover, and plant biomass (Colwell, 1974; Knipllng, 1970). 
It is likely that variation in spectral reflectance among N treatments 
also resulted from changes in leaf structure and composition, including 
pigment concentration, cell size, and cell wall composition and 
structure, all of which are altered by N treatment (Vesk et al., 1966). 

Seasonal patterns of spectral response and canopy characteristics 
Figs. 2 and 3) were closely related and the effects of varying N 
fertilization on both crop growth and spectral response are seen 
throughout both seasons. As LAI, biomass and soil cover increased, the 
red (0.63 to 0.69 pm) reflectance decreased, while the near infrared 
(0.76 to 0.90 pm) reflectance increased. The middle infrared showed 
seasonal trends similar to the visible wavelengths. The middle infrared 
differs from the visible ■’n that radiation is absorbed by plant water 
while absorption in the visible region is due to plant pigments (Gates 
et al, 1965). Near infrared reflectance increases with increasing 
vegetative cover due to increased light scattering and reflectance by 
multiple leaf layers (Gausman et al., 1976). 

The large reflectance decrease measured on 30 June 1979, was due to 
4.8 cm rainfall earlier that day, which caused a large decrease in the 
soil reflectance at a time when the canopy cover was relatively low. 

The larger treatment effects observed in both red and near infrared 
reflectance in 1979 compared to 1978 were attributed to the greater 
differences in biomass and LAI between treatments in 1979. These were 
in turn attributed mainly to planting date. Date of planting is known 
to have major effects on crop development and yields (Genter and Jones, 
1970). Wet soils delayed planting in 1978 until May 31, while in 1979 
planting was nearer the mean for the 15-year history of these plots. 
The 1979 results are more typical of mean treatment differences in grain 
yield. 

A frequently applied method of multispectral data analysis is based 
on ratios between different spectral bands. The near infrared/red 
reflectance ratio has been shown by Bunnik (1978) to be strongly related 
to variations in LAI of vegetative canopies, while being relatively 
insensitive to variations in soil background reflectance. The 
advantages of this ratio are evident in Fig. 4 which relates the near 
infrared/red reflectance ratio and red reflectance to LAI. A strong 
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Figure 1 . Reflectance factor as a function of 
wavelength for corn canopies under four N 
treatment levels on August 1979. Each 
curve is the mean of three replications. 
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positive relation of LAI to the near infrai^a/ red ratio is found even 
when data from two growing seasons are included, while there is a 
considerable- degree of scatter, particularly at low LAI values, In the 
relationship of red reflectance to LAI* The latter is attributed to 
variations in soil reflectance due primarily bo changes in soil moisture 
and roughness. The near infrared/red ratio was a more sensitive 
indicator of LAI changes, within the range of values in this data, than 
either the near infrared band or the red band which approached an 
asymptote at LAI values above three. Fig. 5 shows the accentuation of 
treatment differences throughout the growing season in the near 
Jnfrared/red ratio as compared bo single bands (Fig. 2 and 3). 

Six spectral variables, the near infrared/red ratio, greenness 
transformation, and the reflectances in four thematic mapper bands in 
different parts of the spectrum, were chosen for further analysis. 
Greenness has shown strong correlations with agronomic characteristics 
of crop canopies (Daughtry e'J al., 1980). The thematic mapper bands 
were selected for analysis since reflectances in these bands have shown 
higher correlations with crop canopy characteristics than the Landsat 
MSS bands (Ahlrichs and Bauer, 1978; Tucker and Maxwell, 1976). 

Spectral discriminability of the N treatments varied over the 
season (Tables 1 and ?). For all spectral variables treatment 
separation was maximum ou the August dates. This period corresponds to 
the stage of maximum vegetative development. At early dates, when the 
percent soil cover was low, treatment differences were less recognizable 
because the spectral response of the soil dominated the canopy response 
(Colwell, 197*0. Late in the season, senescence caused treatment 
differences to decrease. 

The discriminability of treatments also varied by the spectral 
Variable used (Tables 1 and 2). The near infrared/red ratio separated 
the treatments into the most classes on the largest number of dates of 
all spectral variables; the near infrared band formed the fewest 
classes. On August dates the near infrared/red ratio separated all four 
treatments into discrete groups for two dates in 1978 and three in 1979. 
In contrast the near infrared band formed a maximum of three groups for 
one 1978 date and three 1979 dates. Early in the season greeniiess 
separated the treatments into more classes than the near infrared/red 
ratio; the green band (0.52 to 0.60 pm) formed more classes than the 
near infrared. 

For most spectral variables, the 0 kg/ha N canopies were separable 
from the other three treatments during nearly all of the season for both 
years. Spectral separation of 67 kg/ha N canopies from 13*1 and 202 
kg/ha N canopies was possible for most dates during both seasons, while 
the 13*1 and 202 kg/ha N canopies were separable on only a few dates. 

Comparison of spectral treatment separation between years (Tables 1 
and 2) shows that despite the larger treatment differences in 1979, the 
spectral separation was very similar for seven of the 11 or 12 dates 
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Table 1. Spectral responses of com canopies under four N 

fertilization levels for selected dates in 1978. Data represent 
the mean of three replications. 


Keaauranent 

Date 

Applied 

Hitrosen 

Kicia 

(>rii«nn9SK 

tr«^l VurtabU . , 

60.111 

n.7A-0.90.,B 

2. OH-2 35. ii 

July 6 

hg/ha 

0 

3..1a7 

15,1a 

8, 6a 

Raf}cu't{mr«> factor (X) 
5».7ft 32.0«b 

22.4a 

67 

4,4b 

16.3b 

7.1b 

7.2b 

31.0ab 

15.6b 


13A 

4,6b 

16.4b 

6.7b 

6.8b 

30.6b 

16,1b 


302 

4.5b 

IB.Oc 

7.3b 

7.6b 

33.8a 

18, lb 

July IS 

0 

6i^a 

l7»As 


4,8a 


ID.Oa 

07 

6. 2b 

19,6b 

5. 2b 
4.6c 

4.0b 

B.7b 


134 

S.Bc 

2l.9c 

3.7c 

36.0b 

8,3c 


202 

9, id 

It. 2d 

4.7d 

3.7d 

34,7b 

9.0d 

July 29 

0 

10. 4a 

22.1a 

5. la 

3.6a 

36,6a 

C.la 

67 

12. 5b 

23.6ab 

4.4b 

3,1b 

37.9a 

7.4ab 


134 

15.3c 

24, Sab 

3,6c 

2.5c 

38,4a 

6.1c 


202 

16, le 

25,1b 

3.6e 

2.5c 

39, 4o 

6.3bc 

Auguat 3 

0 

11.5a 

20. 6o 

4.6a 

3.0a 

34,2a 

S.Ba 


67 

13,5ab 

21.6a 

3.8b 

2.6b 

34,7a 

5.5a 


134 

15.2bc 

21.7a 

3.3c 

2.3b 

34,9a 

4.9b 


202 

16.4c 

23.4a 

3.4c 

2.3b 

37.4a 

4,7b 

Auguat 20 

0 

6,4a 

19,9a 

5.1a 

4.0a 

33.4a 

B,2a 

67 

10,2b 

21.2ab 

4.4b 

3.4b 


7.0b 


134 

12.9c 

22.6bc 

3.7c 

2.8c 

35.8b 

5.6c 


202 

13, 9d 

23,3c 

3,4c 

2.6c 

36„7b 

5.8c 

Auguat 31 

0 

7,8a 

17.1a 

5.0a 

3.8a 

29,5a 

7,7a 


67 

9,1b 

I8,3ab 

4.4b 

3.4b 

30,5ab 

6.6b 


134 

10.4c 

19.9b 

3.9bc 

3.1bc 

32.5bc 

6.1b 


200 

12.3d 

21,7c 

3.5c 

2, Be 

34.5c 

5.9b 

Sepcenbar 15 

0 

4.9a 

16.5a 

6,4a 

6,2a 

30, Sab 

10.8a 

67 

4.9a 

16,3a 

5,9ab 

6,1a 

29.6b 

10,5a 


134 

5, Sab 

17.6a 

5.2bc 

5.3a 

30. Sab 

9,0a 


202 

6.7b 

19.4b 

4.9c 

4.9a 

32.3a 

9,3a 


'I'Maana foUo.'ad by Ch« ><uis latter within each iUt« are not algnlClcantly dlllarent at P'OiOS level 
by Duncan'a Multiple Range teat. 
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Table 2. Spectral responeeB of corn canopies under four N 

fertilization levels for selected dates in 1979. Data represent 
the mean of three replications. 


Hi aiutart’iu 
Data 

Appiiei^ 

" rx/rt ii " 

Hati. 






Jura 25 

Kg/ha 

0 

2.5»* 

12.7a 

11.5a 

Rpf Ji’t t^iru t' 
13. Oa 

lai tilt (25 
32,4a 

28, 3a 


67 

3.5b 

16.6b 

8.5b 

8.8b 

7.8b 

33.2a 

20.91. 


136 

4.5b 

16,3s 

7.7b 

34.7b 

17,Buc 


202 

5.0b 

19, Os 

7.2b 

7,2b 

35.0b 

16,4c 

July 10 

0 

5,0a 

15.3a 

7,04 

5.8a 

29.0a 

11. 8« 

67 

lO.Sh 

22.1b 

5.3b 

3.4b 

37.1b 

7.3b 


136 

14,21! 

25,2c 

4.6c 

2.9bc 

41.2c 

6.4bs 


202 

15,2c 

25.5c 

4.2c 

2.7c 

4l,3c 

6.1s 

July la 

0 

5,aa 

18.1a 

7, 4a 

5.9a 

33.4a 

11. 9a 

67 

12.9b 

22,7b 

4,8b 

2.9b 

37.6b 

5,0b 


134 

17, 4e 

25,3c 

3.8e 

2.3b 

40.6bc 

5.2b 


202 

19.6s 

27.1c 

3.6fi 

2.2b 

43.2c 

5,3b 

Auguat <1 

0 

?.4ii 

18,6a 

6.5a 

4.5a 

33,3a 

8.04 


67 

ll.lb 

22,0b 

5.1b 

3,3b 

37. lab 

5.8!> 


134 

14.8c 

25.3c 

4.1c 

2.8c 

41,2bc 

3,58 


202 

17. 4d 

26.6c 

3.6d 

2.58 

43,1c 

5.0b 

Auguat 15 

0 

5.3» 

19. U 

7,7(1 

6. 6.1 

35.34 

12. 7a 

67 

a. 9b 

20.1a 

^ y0 

3.9b 

34.0a 

6,8b 


U4 

12,7c 

24.7b 

4»fui 

3.2o 

39.8b 

(i.ObC 


202 

14.6c 

25.2b 

.1,8c 

2, Be 

40. lb 

5.*t 

aopCODbac h 

0 

4.9a 

15.2a 

6,7a 

5,9a 

28.5a 

12.6a 

67 

7.3b 

16.2c 

5.1b 

3.9b 

28,0a 

7.3b 


134 

9.1C 

20.5b 

4.9bc 

3,6b 

34.1b 

7.0b 


202 

10. 6d 

22.4b 

4,4s 

3.5b 

36.5b 

6.6b 

Sepcenber 15 

0 

^ala 

14.7a 

7.3a 

7.1a 

20,7a 

13. MB 

67 

4,5a 

14.4a 

6.2b 

5.8b 

26.9a 

9.5b 


134 

<ia6a 

15.1a 

6.0bs 

6.4ab 

27.9a 

10.0b 


202 

5.9b 

IB, 7b 

3,5s 

5.6b 

32.2b 

9,0b 


foUoued by the aama lector within B»ch d«te nr« not ulgnificently diffarenc at P-0.05 level hv 
Duncan'a Hulctple Rongo teat. 
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Near Infrared/Red 
Reflectance Ratio (0.76-0.90|im)/ 



Figure The relationship of (A) the red (0.63-0.69 
pm) reflectance factor and (B) the near 
infrared/red reflectance ratio, (0.76-0.90 
um)/(0.63-0.69 pm), to leaf area index. 
Both 1978 and 1979 data are included. 
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Figure 5. Temporal changes in the near infrared/red 
reflectance ratio, (0.76-0.90 um)/(0.63-0,69 
pm), for corn canopies under four N 
treatment levels in 1978 (top) and 1979 
(bottom). 
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considered each year. This result indicates the usefulness of the near 
infrared/red refAeotance ratio as a discriminator. Further, the time 
after planting at which the treatments became separable was also similar 
between years. 

Differences between the spectral responses of canopies under 
different N treatments are related to agronomic measurement of treatment 
differences (Tables 3 and 4). Leaf nitrogen concentrations document the 
effects of varying the level of applied N. The varying leaf chlorophyll 
concentrations contributed to visible reflectance variations between 
treatments. Decreased plant height, leaf area index, and biomass 
values, all associated with reduced levels of applied N, were evident. 

Grain yield represents the Integration of all the metabolic 
activities of crop plants over the growing season and is sensitive to N 
nutrition. Figure 6 shows a linear relationship between the grain yield 
and near infrared/ red reflectance ratios integrated over the season, 
i.e., the area under the seasonal reflectance curves from Figure 4. A 
similar relationship is evident in both years, although the hybrid and 
plant population were different each year. 

In summary, analyses of agronomic characterizations and spectral 
measurements of corn oanopies varying in applied N fertilizer level 
showed that agronomic changes in oanopies caused by N treatment resulted 
in detectable reflectance variations. Reduced leaf area, biomass, and 
soil cover, lowered chlorophyll content, and decreased plant height were 
among the effects seen in N-deprived canopies. These changes were in 
turn related to canopy reflectance changes. The near infrared/ red 
reflectance ratio was shown to enhance treatment differences in canopy 
reflectance and reduce reflectance variability caused by extraneous 
factors. The spectral separability of the treatments throughout the 
growing season demonstrates the potential for detecting crop stress by 
use of multlspectral remote sensing methods. 
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Table 3. Mean agronomic characteristics of com canopies under 
four N fertilization levels for selected dates In 1978. 


Haaaunaant 

Data 

Development 

Stage 

Appllad 

Nltregan 

Riant 

Haight 

Laaf 

Araa 

Indaa 

loll 

Covar 

Fraah 

ilonata 

Diy 

itonaai 

Usf 

Nitrogen 



kg/ ha 

n 


2 

g/»^ 

1/.* 

X 

July 6 

Eight leaf 

0 

l.Oa 

1,2a 

30a 

1031a 

96a 

2.7a 



67 

1.1b 

1.6a 

36a 

1301a 

113a 

2p6s 



134 

1.2b 

1.7a 

38a 

1430a 

118a 

3.2a 



202 

1.3b 

1.7a 

37a 

1449a 

124a 

3.3a 

July 15 

Tan leal 

0 

1.2a 

2.1a 

64a 

1827a 

167a 

2.4a 



67 

1.5b 

2.3ab 

64s 

2171ab 

192ab 

2.5a 



134 


2.6bc 

75a 

2783bc 

234b 

3,0b 



202 

1.7d 

2,8c 

75a 

3031c 

250b 

3,4o 

August 3 

Taaaellng 

0 

2a6a 

3.3a 

79a 

4260a 

644a 

l.Sa 



67 

2.9a 

3.2a 

80s 

4518a 

740ab 

1.7a 



134 

3.1b 

3.7ab 

79a 

4973ab 

905bs 

2.2b 



202 

3.1b 

4.1b 

83a 

6200b 

996c 

2.6b 

August 20 

Bllatac 

0 

2,9a 

2.6a 

82a 

4167a 

781a 

1.3a 



67 

3.0ab 

3.0ab 

68b 

5072ab 

933a 

1.6a 



134 

3,1b 

3.5ab 

95b c 

6141b 

1037a 

1.6a 



202 

3.1b 

3.8b 

91bc 

6787b 

1168a 

2.6b 

September 15 

Early dant 

0 

3,0a 

2.0a 

80ab 

3985a 

1075a 

1,2a 



67 

3,0a 

2.3b 

78a 

5132ab 

1529ab 

1.0a 



134 

3.2a 

2.6c 

85b 

5401b 

1562ab 

1.6a 



202 

3.2a 

3, Id 

84ab 

6881c 

1989b 

1,7a 


followtd by thi uin* ItCCar within date an not ilinlflcantly dlfftcant at F«0>0S laval 
by Duncan'a Hultlpla Ranga taat. 
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Table 4. Mean agronomic characteristics of corn canopies under 
four N fertilization levels for selected dates in 1979. 


HtaiurtMRt 

Date 

Davalapaanc 

Staget 

AppUad 

Nltrogaa 

riant 

Height 

Leaf 

Area 

Indaa 

Soli 

Cover 

Fraah 

•iesaaa 

Dry 

Blomaaa 

Leaf 

Nitregan 

Uaf 

Chlorophyll 



kg/ha 

m 


n 

8/»^ 

g/m^ 

X 

IJg/cB^ 

Juna 26 

Eight leaf 

0 

m 

l.Oat 

45a 

689a 

83a 

3.0a 

25.1a 


Eight leaf 

67 

- 

1.7b 

61b 

1188b 

135b 

3.0a 

34.9b 


Eight leaf 

134 

- 

2.0b 

57ab 

1669bc 

183bc 

3.2a 

38.5bc 


Eight leaf 

202 

” 

2.3b 

66b 

1905c 

198c 

3.2a 

42.8c 

July 10 

Ten leaf 

0 

1.2a 

2.1a 

S6a 

1567a 

199a 

1.7a 

14.2a 


Eleven leaf 

67 

1.7b 

3.6b 

76b 

3757b 

411b 

2.4b 

26.8b 


Eleven leaf 

134 

1.9c 

3.9b 

87c 

4788c 

476c 

2.7b 

36.8c 


TValvt laaf 

202 

2.0c 

5. Sc 

85c 

5182c 

511c 

2.7b 

41.1c 

July 18 

Eleven laaf 

0 

1.4a 

2.3a 

71a 

22B3a 

271a 

1.2a 

11. la 


Thirteen leaf 

67 

2.0b 

3.9b 

85b 

5101b 

623b 

2.1b 

21.9b 


Thirteen leaf 

134 

2.3c 

5.1b 

88b 

6415b 

681b 

2.3b 

40.7c 


Fourtaan laaf 

202 

2.3c 

4.8b 

84b 

6565b 

669b 

2.4b 

47.5c 

Auguat 4 

Taaoellng 

0 

2.3a 

- 

83a 

4677a 


l.'5a 

_ 


Blia tar 

67 

2.7b 

- 

89ab 

6894ab 


1.8ab 

_ 


Bllater 

134 

2.7b 

- 

93ab 

8097bc 


2. lab 



alia ter 

202 

2.8b 


94b 

10211c 

- 

2.3b 


August 16 

Silking 

0 

2.2a 


85a 

2884a 


1. 2a 

25.1a 


Late bllatar 

67 

2.9b 

« 

9la 

5707b 

. 

l*4a 

34.9a 


Dough 

134 

3.0bc 

- 

■93a 

8134c 

_ 

2.0b 

51.0b 


Dough 

202 

3.2c 

- 

93a 

8360c 


1.9b 

67,9c 

Septembar \ 

Dough 

0 

2.1a 

l.Sa 

78a 

2581a 

678a 

1.2b 



Early dent 

67 

2.8b 

2.2b 

SOa 

4839b 

1261b 

1.1a 



Early dent 

134 

3.0bc 

3.2c 

88b 

6504c 

1822c 

1.3a 



Middla dant 

202 

3.2c 

4. 2d 

96c 

8392d 

2296d 

1.2a 

■ 


followtd by the luie lettir wUhln «*ch dattt ar« nob ilgnitleanciy different at P>0.0S level by 
Dunean'a Hultlpla Range teat. |Hanway Scale 
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Figure 6. The relationship of grain yield to 
measurements Integrated over the growing 
season of near infrared/red reflectance. 


ORIGINAL PAQl \i 
OF POOR QUALITY 


17 


ACKNOVfLEDQEMENTS 


The authors appreciate the assistance of B.F. Robinson, L.L. Bi^hl 
and M.K. Stabenfeldt in data acquisition and preprocessing, and M.M. 
Hixson and C.J. Jobusch with statistical analyses. 


18 


REFERENCES 

1. Al-Abbas, A.H., R. Barr, J.D. Hall, FtL. Crane, and M.F. 
Baumgardner. 197^. Spectra of normal and nutrient deficient maize 
leaves. Agron. J. 66:16-20. 

2. Ahlrichs, J.S. and M.E. Bauer. 1978. Relation of crop canopy 
variables to the multispeotral reflectance of spring wheat. Tech. 
Report 072^179, Laboratory for Applications of Remote Sensing, 
Purdue University, W. Lafayette, IN. 

3. Bauer, M.E. 1975* The role of remote sensing in determining the 
distribution and yield of crops. Adv. Agron. 27:271-304. 

4. Blanchard, L.E. and 0. Weinstein. 1979. Design challenges of the 
thematic mapper. Proc. Symp. Machine Proc. Remote Sensing Data, 
Purdue University, W. Lafayette, IN, pp. 1-l6. 

5. Bunnik, N.J.J. 1978. The multispeotral reflectance of shortwave 
radiation by agricultural crops in relation with their 
morphological and optical properties. H.V. Veenman and Zonen B.V., 
Wageningen. pp. 98-114. 

6. Carlson, R.E., D.N. larger, and R.H. Shaw. 1971. Factors 
affecting the spectral properties of leaves with special emphasis 
on leaf water status. Agron. J. 63:486-489. 

7. Colwell, J.E. 1974. Vegetation canopy reflectance. Remote 
Sensing Environ. 3:175-183. 

8. Daughtry, C.S.T., M.E. Bauer, D.W. Crecelius, and M.M. Hixson. 
1980. Effects of management practices on reflectance of spring 
wheat canopies. Agron. J. 72:1055-1060. 

9. Gates, D.M., H.J. Keegan, J.C. Sohleter, and V.R. Weidner. 1965. 
Spectral properties of plants. Appl. Optics 9! 545-552. 

10. Gausman, H.W., W.A. Allen, V.I. Myers, and R. Cardenas. 1969. 
Reflectance and internal structure of cotton leaves, Gossypium 
hirsutum (L.) Agron. J. 61:374-376. 

11. Gausman, H.W., R.R. Rodriguez, and A.J. Richardson. 1976. 
Infinite reflectance of dead compared with live vegetation. Agron. 
J. 68:295-296. 

12. Genter, C.F. and G.D. Jones. 1970. Planting date and growing 
season effects and Interactions on growth and yield of maize. 
Agron. J. 62:760-761. 

13. Hanway, J.J. 1963. Growth stages of corn. Agron. J. 55:487-492. 


ORIGINAL PASf 

OF POOR QOAiJff 


19 


14. Kauth, R.J. and G.S. Thomas. 1976. The tasselled cap -a graphic 
description of spectral-temporal development of agricultural crops 
as seen by Landsat. Proc. Symp. Machine Proc. Remote Sensing 
Data. Purdue University, W. Lafayette, IN. pp. ^1b-4l-51. 

15. Knipling, E.B. 1970. Physical and physiological bases for the 
reflection of visible and near-infrared radiation from vegetation. 
Remote Sensing Environ. 1:156-159. 

16. Learner, R.W., V.I. Myers and L.F. Silva. 1973. A 
speotroradiometer for field use. Rev. Sci. Instrum. ^14:611-614. 

17. Longstreth, D.J. and P.S. Nobel. 1980. Nutrient influences on 

Leaf Photosynthesis. Plant Physiol. 65: 541-543. 

18. MacDonald, R.B. and F.G. Hall. 1980. Global crop forecasting. 
Science 208:670-679. 

19. Nicodemus, F.E., J.C. Richmond, J.J. Hsia, I.W. Ginsberg, and T. 
Limperis. 1977. Geometrical considerations and nomenclature for 
reflectance. NBS Monograph 160, U.S. Govt. Printing Office, 
Washington, D.C., pp.3-9« 

20. Rice, D.P., E.P. Crist, and W. A. Malila. 1980. Applicability of 
selected wheat remote sensing technology to corn and soybeans. 
ERIM Final Report 124000-9-F, Environmental Research Institute of 
Michigan, Ann Arbor, MI, pp. 3-7. 

21. Robinson, B.F. and L.L. Biehl. 1979. Calibration procedures for 
measurement of reflectance factor in remote sensing field research. 
Proc. Soc. Photo-optical Instrumentation Engr. 196-04:16-26. 

22. Stanhill, G., V. Kalkofi, M. Fuchs, and Y. Kagan. 1972. The 
effects of fertilizer applications on solar reflectance from a 
wheat crop. Israel J. Agr. Res. 22:109-118. 

22. Thomas, J.R. and G.F. Oerther. 1972. Estimating nitrogen content 
of sweet pepper leaves by reflectance measurements. Agron. J. 
64:11-13. 

24. Tucker, C.J. 1979. Red and photographic infrared linear 
combinations for monitoring vegetation. Remote Sensing Environ. 
8:127-150. 

25. Tucker, C.J., J.H. Elgin, and J.E. McMurtrey. 1979* Temporal 
spectral measurements of corn and soybean crops. Photogram. Engr. 
and Remote Sensing 45:643-653. 

26. Tucker, C.J. and E.L. Maxwell. 1976. Sensor design for monitoring 
vegetation canopies. Photogram. Engr. and Remote Sensing 
42:1399-1410. 


CR.'Qli'JAL PAGE h 
e/ ' QUALITY 


